Abstract: Betulinines are lupane, des-E-lupane, 18-lupene, 20(29)-lupene and 18a-oleanane derivatives with antitumor activity. We examined fluorination of these derivatives using diethylaminosulfur trifluoride (DAST) as fluorinating agent. We prepared 19b,28-epoxy-2,2-difluoro-18a-oleanan-3-one (3c), 19b,28-epoxy-2,2-difluoro-18a-oleanan-3b-ol (4a), methyl 3b-acetoxy-30-fluorolup-20(29)-ene-28-oate (6b), 3b,28-diacetoxy-22-oxo-21,21-difluorolup-18-ene (8b) and several other fluorinated betulinines for in vitro cytotoxicity tests which failed to demonstrate significant anticancer activity so far.
Introduction
Diethylaminosulfur trifluoride (DAST) is a widely used fluorinating reagent, [1] [2] [3] [4] [5] [6] [7] [8] very effective for converting alcohols, ketones, aldehydes and carboxylic acids into their corresponding fluoro derivatives. Unlike other fluorinating agents, e.g. Olah reagent or SF 4 , reactions with DAST can be performed in glass equipments. The problem in performing fluorination lies in the possibility of rearrangement or elimination instead of the desired reaction.
Recently, we have examined the structure-activity relationships in certain Betulinines 9 (lupane, des-E-lupane, 18-lupene, 20(29)-lupene and 18a-oleanane derivatives), and found significant antitumor activity. 9 This effort was directed towards highly polar compounds, while less polar compounds were not sufficiently examined. With a few exceptions, 10 no lupane or 18a-oleanane fluoro derivatives have been prepared until now. High antitumor activity of fluorinated compounds analogous to triterpenoids, e.g. steroid Fluoxymesteron, is well known. 11 Herein we report on the construction of new fluoro compounds, derived from lupane, des-E-lupane, 18-lupene, 20(29)-lupene and 18a-oleanane alcohols, oxo derivatives and carboxylic acids using DAST as a source of fluorine.
Fluorination of Alcohols
As a starting material we used betulin (1a), readily accessible from birch bark. This compound undergoes an acidcatalyzed rearrangement with ring E expansion to allobetuline (2a). For this reaction we used a 'solid acid' Montmorillonite K10. The procedure, as described in the literature, 12 did not work properly in our hands. We had to increase the amount of Montmorillonite K 10 fivefold and prolong the reaction time to 72 hours to obtain a good conversion of the starting material. Treatment of allobetuline (2a) with DAST under very mild conditions resulted in the formation of an elimination product, olefin 2e, as we expected. Elimination occurred probably due to heavy steric hindrance of the alcohol group in position 3 by skeletal methyl groups at positions 23 and 24. We therefore decided to prepare alcohol 2d, which we expected to be less sterically hindered. First of all we oxidized the hydroxy group in position 3 of the allobetuline (2a) with a slightly modified procedure 13 to obtain ketone 2b. We then converted this compound into isomeric ketone 2c by refluxing with sulfur in morpholine.
14 Reduction of the ketone 2c with NaBH 4 resulted in the formation of desired alcohol 2d. Reaction of alcohol 2d with DAST gave olefin 2e 12 as the single product (Scheme 1).
Olefin 2e with C-2 double bond was the only product of reactions of 2a and 2d with DAST. We therefore used hydroxy ketones 3a and 3b, 15 accessible from ketone 2b, to avoid such elimination. Both hydroxy ketones 3a and 3b reacted with DAST to form a single product, the difluoro ketone 3c. Optimization of the reaction conditions led to 38% yield.
We next examined the effectiveness of DAST towards 2,2-difluoro alcohol 4a, prepared from difluoro ketone 3c by reduction with NaBH 4 . Treatment of 2,2-difluoro alcohol 4a with DAST afforded the difluoro olefin 4b, and the trifluoro derivative 4c as a result of rearrangement (Scheme 2).
The above-mentioned unexpected reactions, rearrangements and low yields may be caused by the significant steric hindrance and rigid skeleton. We confirmed this hypothesis using unhindered enol ketone 5a and alcohol 6a as substrates for fluorination (Scheme 3). These reactions gave the desired fluoro derivatives 5b and 6b in high yields (77-80%). 
Fluorination of Oxo Derivatives
Utilization of DAST for the conversion of ketones and aldehydes into their corresponding geminal difluoro derivatives demands harder condition 2 than the substitution of a hydroxy group. Originally we used the literature conditions, 1 which recommended reflux with excess of DAST in CH 2 Cl 2 . We however found this procedure to be effective only towards aldehyde 7a. Moreover, we obtained the corresponding difluoro derivative 7b only in low yield (22%) after 48 hours of reaction time (Scheme 4).
We therefore decided to utilize other experimental conditions. 2 We performed the reaction with excess of DAST (which served also as a co-solvent) in a sealed cylindrical flask and heated to 70°C. Under these conditions difluoro ketones 8b and 9b were prepared from diketones 8a and 9a in yields below 30%. No tetrafluorinated product was observed. In the case of heptanorketone 10a we also succeeded and prepared the difluoro derivative 10b. In contrast, ketones 2b, 2c and 11a showed no conversion under these conditions (Schemes 1, 4).
Fluorination of Carboxylic Acids
DAST is a convenient reagent for the synthesis of acyl fluorides from the corresponding carboxylic acids under very mild conditions. 1 The experimental procedure is analogous to the procedure we used for fluorination of alcohols. Reaction yields are above average (60-70%) and no by-products were observed.
Acetylbetulinic acid (12b) was fluorinated with DAST to acyl fluoride 12c. We used the same procedure successfully in the reactions of the saturated derivative 13a and 21-oxo acid 14a, to obtain acyl fluorides 13b and 14b, respectively (Scheme 5). 
Conclusion
We have shown that DAST is a suitable reagent for the transformation of natural compounds with complicated structure (triterpenoids) to their corresponding fluoro derivatives. Alcohols, ketones, aldehydes and carboxylic acids can be used as substrates. The limitations of these fluorinations are the rigid skeleton of these natural compounds and the steric hindrance caused by skeletal methyl groups. The rigid skeleton induces low reactivity. Steric hindrance may cause observed rearrangements and eliminations. Having the reaction centre placed out of the rigid skeleton, the yield increased dramatically up to 80%. Conversion of ketones to difluoro derivatives demands hard conditions. In contrast, for conversion of carboxylic acids to acyl fluorides very mild conditions are sufficient.
All thirteen fluoro derivatives prepared in this work (3c, 4a-c, 5b, 6b, 7b, 8b, 9b, 10b, 12c, 13b, 14b) were tested for in vitro cytotoxic activity. Unfortunately, fluorinated triterpenoids exemplified in this paper failed to demonstrate significant anticancer activity on CEM leukemia cells (TCS 50 above 250 mM). We demonstrated the decrease of cytotoxic activity by introduction of fluorine into these molecules. This fact probably originates in the high lipophilicity of those fluoro derivatives.
Melting points were determined on Kofler block and are uncorrected. Optical rotations were measured on an Autopol III (Rudolph Research, Flanders, NJ) polarimeter in CHCl 3 . 1 H, 13 C and 19 F NMR spectra were recorded on Varian UNITY Inova 400 (400 MHz for 1 H), using CDCl 3 as a solvent. Chemical shifts are expressed in ppm with tetramethylsilane as an internal standard for 1 H spectra and with CClF 3 as an internal standard for 19 F NMR spectra. 13 C NMR spectra are referenced to CDCl 3 (77.00 ppm). Mass spectra (EI) were measured on INCOS 50 (Finnigan MAT) mass spectrometer. IR spectra were recorded on a Perkin-Elmer 684 IR spectrometer in CHCl 3 . TLC was performed on Kieselgel 60 F 254 (Merck) sheets; the spots were detected by UV fluorescensce or spraying with 10% H 2 SO 4 and heating to 110-200°C. HPLC system consisted of High Pressure Pump Gilson (model 361), Inject Valve Rheodyne, Preparative Column (25 × 250 mm) with silica gel filling (Biospher 7 mm; Labio), Differential-Refractometrical Detector (Laboratorní přístroje, Praha, CR) connected with PC (software Chromulan) and Automatic Fraction Collector Gilson (model 246). Betulin (1a) was obtained by extraction of birch bark from our patrner papermill, Billerud, Gruvön Mill, Sweden, using literature procedure. 21 Betulinic acid (12a) was obtained from natural source according to literature.
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WARNING: DAST is a dangerous substance which can decompose explosively on temperature over 55°C.
Fluorination of the oxo compounds was carried out in a 10 mL enclosed cylindrical flask (from Kimble-Kontes, art. no.: 747500-0010). The following compounds were prepared using literature 14 19b,28-epoxy18a-oleanan-2b-ol (2d), 16 19b,28-epoxy-2a-hydroxy-18a-oleanan-3-one (3a), 15 19b,28-epoxy-3b-hydroxy-18a-oleanan-2-one (3b), 15 enol ketone 5a, 17 alcohol 6a, 18 aldehyde 7a, 9 diketone 8a, 19 diketone 9a, 9 ketone 10a, 9 ketone 11a, 22 acetylbetulinic acid (12b), 20 dihydrobetulinic acid (13a), 19 and 21-oxoacid 14a. 9 DAST was purchased from Sigma-Aldrich. 
19b,28-Epoxy-18a-oleanan-2-ene (2e)
From Alcohol 2a: To a stirred solution of alcohol 2a (200 mg, 0.45 mmol) in CH 2 Cl 2 (5 mL) cooled to -78°C was added DAST (200 mL, 1.04 mmol). The reaction mixture was then allowed to warm to r.t. and the reaction was quenched by addition of H 2 O (1 mL). The separated organic layer was diluted with CHCl 3 (50 mL), washed with H 2 O (2 × 40 mL), dried (MgSO 4 ) and evaporated under reduced pressure. The dark yellow-brown residue was filtered over a short column of silica gel (3 g, toluene) and crystallized from i-PrOH to give olefin 2e (129 mg
19b,28-Epoxy-2,2-difluoro-18a-oleanan-3b-ol (4a)
To a solution of difluoro ketone 3c (475 mg, 0.99 mmol) in a mixture of THF (12 mL) and MeOH (12 mL) cooled in an ice-bath was added NaBH 4 (200 mg, 5.29 mmol). After 2 h, the reaction mixture was poured into 5% aq HCl (100 mL) and extracted with CHCl 3 (100 mL). The organic layer was washed with H 2 O (3 ×). The organic layer was dried (MgSO 4 ), evaporated, and the residue was crystallized from butanone to give 4a (340 mg, 72%) 
Difluoro Olefin 4b and Trifluoro Derivative 4c
To a stirred solution of alcohol 4a (170 mg, 0.35 mmol) in CH 2 Cl 2 (5 mL), cooled to -78°C was added DAST (170 mL, 0.88 mmol). The reaction mixture was then allowed to warm to r.t. and the reaction was quenched by addition of H 2 
Fluoro Ketone 5b
To a stirred solution of enol ketone 5a (107 mg, 0.23 mmol) in CH 2 Cl 2 (5 mL), cooled to -78°C was added DAST (100 mL, 0.52 mmol). The reaction mixture was then allowed to warm to r. 
Difluoro Olefin 7b
To a stirred solution of aldehyde 7a (200 mg, 0.36 mmol) in CHCl 3 (5 mL) was added DAST (500 mL, 2.6 mmol). The reaction mixture was refluxed 24 h, diluted with CHCl 3 (30 mL), and the CHCl 3 layer was washed carefully with 5% aq NaHCO 3 solution (40 mL) and H 2 O (40 mL). The organic layer was dried (MgSO 4 ) and evaporated under reduced pressure. The dark yellow-brown residue was filtered over a short column of silica gel (3 g, toluene-Et 2 
Difluoro Ketone 8b
Diketone 8a (500 mg, 0.9 mmol) was reacted with DAST (2 mL, 10.4 mmol) in CHCl 3 (1 mL) in a sealed flask. The sealed flask with the reaction mixture was positioned in the fume hood behind protective shielding, and heated to 70°C in an oil bath. After 24 h, the mixture was cooled in an ice-bath and carefully opened before work-up. The mixture was diluted with CHCl 3 (50 mL), and washed carefully with aq NaHCO 3 solution (40 mL) and H 2 O (40 mL). The organic layer was dried (MgSO 4 ) and evaporated under reduced pressure. The dark brown residue was chromatographed on a column of silica gel (50 g). Elution with a mixture of toluene and Et 2 
